Objective: This study investigated whether different psychosocial factors predicted levels of glycosylated hemoglobin (HbA 1c ) over time, after adjusting for covariates and baseline level of HbA 1c . Design: These questions were investigated with a longitudinal sample (N ϭ 97, age ϭ 61-91) of older women without diabetes. HbA 1c levels and psychosocial measures were obtained at baseline and 2-year follow-up. Main Outcome Measures: Coping strategies, positive affect, medical history, and health behaviors were assessed using self-administered questionnaires. HbA 1c were obtained during the respondents' overnight stay at the General Clinical Research Center (GCRC) at the University of Wisconsin-Madison. Results and Conclusion: Regression analyses showed that higher levels of problem-focused coping, venting, and positive affect predicted lower levels of HbA 1c , after controlling for baseline HbA 1c and sociodemographic and health factors. Furthermore, positive affect was found to moderate the effects of problemfocused coping (active, instrumental social support, suppressing competing activities). The pattern of interaction showed that the adverse effects of low problem-focused coping on cross-time changes in HbA 1c were amplified among those who also had low levels of positive affect.
related complications (Alam et al., 2005) . Since successful diabetes management depends largely on the behavior of the individual, psychosocial factors are relevant influences. Our emphasis is on two types of psychosocial factors.
Coping strategies. Since people with diabetes cannot eliminate the stress of living with a chronic disease, the coping strategies they use are of primary importance. The coping styles employed presumably influence glycemic control by increasing or decreasing stress, which may in turn affect HbA 1c levels through psychophysiological processes, or indirectly through self-care (Peyrot, McMurry, & Kruger, 1999) . In general, problem-focused coping strategies have contributed to positive outcomes for diabetes patients, as measured by HbA 1c levels, while emotion-focused strategies have been less beneficial (Gafvels & Wandell, 2006; Graue, Wentzel-Larsen, Bru, Hanestad, & Sovik, 2004; Grey, 2000; Rose, Fliege, Hildebrandt, Schirop, & Klapp, 2002; Smari & Valtysdottir, 1997; Spiess, Sachs, Moser, Pietschmann, Schernthaner, & Prager, 1994) . Importantly, intervention studies in individuals with diabetes showed that participants who received Coping Skills Training (CST) had lower HbA 1c levels and reported less distress than participants who did not receive CST (Grey, Boland, Davidson, Yu, Sullivan-Bolyal, & Tamborlane, 1998; Grey, Boland, Davidson, Li, & Tamborlane, 2000) .
Negative affect. Negative affective states such as anxiety and depression are associated with increased risk for diabetes and subsequent glycemic control. For example, anxiety in young adults with Type 1 diabetes was associated with higher HbA 1c levels (Niemcryk, Speers, Travis, & Gary, 1990) . Depression also shows consistent links to HbA 1c levels in people with diabetes: depressive symptoms were associated with hyperglycemia and an increased risk for diabetic complications for adults with Type 1 or Type 2 diabetes (Anderson, Freedland, Clouse, & Lustman, 2001; Ciechanowski, Katon, Russo, & Hirsch, 2003; de Groot, Jacobsen, Samson, & Welch, 1999; Lustman, Anderson, Freedland, De Groot, Carney, & Clouse, 2000; van Tilburg, McCaskill, Lane, Edwards, Bethel, Feinglos, et al., 2001) . Importantly, relief of depression prevalence was associated with improved glycemic control (Anderson et al., 2001) . Little prior work has considered the role of positive affect in glycemic control.
Psychosocial Factors and Health in Samples of People Without Diabetes
Few studies to date have linked psychosocial factors to HbA 1c in people without diabetes -Feldman and Steptoe (2003) documented a relationship between problem-focused coping and lower HbA 1c . Additionally, Steptoe and Marmot (2003) linked a cumulative measure of psychosocial adversity and vulnerability to HbA 1c . Finally, Yancura, Aldwin, Levenson, and Spiro (2006) found that positive coping had protective effects on metabolic syndrome. Numerous other lines of inquiry, outside the realm of HbA 1c research, suggest promising new investigative directions.
Central among these is the growing focus on positive affect and its possible role in promoting good health. Pressman and Cohen (2005) , for example, recently summarized growing evidence that links positive affect to health outcomes, including numerous intervening biomarkers. Among their recommendations was the need for researchers to investigate whether the health benefits attributed to positive affect were not mere reflections of the absence of negative affect. This converged with Steptoe and Wardle's (2005) suggestion that an important step in documenting the biological correlates of positive affect is controlling for the effects of negative affect. Pertinent to the present study, Steptoe and Wardle further observed that positive affect may be linked to beneficial health outcomes through its influence on biomarkers, and that this linkage may be particularly relevant in old age, when the accumulation of risk factors leads to an increased risk of chronic disease.
Outside the realm of biology, others have emphasized the importance of positive emotions. Fredrickson's (1998 Fredrickson's ( , 2000 Fredrickson's ( , 2001 broaden-and-build theory, for example, describes the benefits of positive emotions in building personal and social resources, which in turn, may function as reserves for coping with threats. Folkman (1997) has also pointed to the possible interplay between positive affect and coping strategies in understanding how psychological factors influence health outcomes. To elaborate, Billings, Folkman, Acree, and Moskowitz (2000) suggest that coping is directly related to health, as well as indirectly, via influences on positive and negative affect. While this implies a mediating role for affect, moderating influences (e.g., how does positive affect modulate the effects of particular coping strategies?) are also worth considering.
Aims of the Present Study
Drawing on the above literature, the objectives of this investigation were to assess links between problem-and emotion-focused coping strategies as well as positive affect with levels of HbA 1c in a sample of aging women. As such, we sought to extend previous research in four ways: (1) to determine whether prior findings linking both types of coping strategies to glycemic control in people with diabetes also apply to people without diabetes; (2) to add positive affect to the inquiry, but do so in a way that assesses its influence after controlling for negative affect; (3) to test not only the independent effects of coping strategies and positive affect on HbA 1c , but also their possible interactive influences; and (4) to carry out all of the above evaluations in a longitudinal study, thereby affording strides beyond the preceding cross-sectional investigations. Specifically, such a design permits assessment of whether the above psychosocial factors predict cross-time change in HbA 1c , after adjusting for relevant covariates and baseline level of HbA 1c . Longitudinal data also make it possible to assess the reverse form of causality (i.e., do baseline levels of HbA 1c predict cross-time changes in coping strategies and positive affect), thereby sharpening evidence for, or against, the presumed causal directionality. With regard to hypotheses, we drew on the prior literature to predict that problem-focused coping would be linked with lower cross-time levels of HbA 1c , while emotion-focused coping higher cross-time levels of HbA 1c. We also hypothesized that positive affect (after controlling for negative affect) would be linked with lower cross-time levels of HbA 1c.
Regarding the possible interplay between coping strategies and positive affect, the preceding literature has implicated primarily the beneficial effects linked with having high levels of positive affect. Applied to the present study, high positive affect might serve to enhance the benefits of coping strengths, such that both together produce a greater reduction in HbA 1c levels than either predicts alone. A different type of beneficial effect might be that high positive affect serves to compensate for the risks associated S164 with coping vulnerabilities. Although the prior literature has not considered it, low positive affect might also have detrimental effects, serving to amplify the adverse effects of coping vulnerabilities, or alternatively, to compromise the benefits of coping strengths. Given our prior interest in positive health (Ryff & Singer, 1998; Ryff, Singer, & Love, 2004) , we were primarily interested in evidence for beneficial effects, but were mindful that coping strategies and positive affect could interact to show detrimental effects on HbA 1c levels.
Methods

Participants
Respondents were older women without diabetes from a prior 4-wave longitudinal study of aging women who were undergoing community relocation (N ϭ 301). About 5 years later, additional research support allowed for a 5 th wave of data collection that included psychosocial assessments and baseline biomarkers on approximately half of the original sample (N ϭ 135). Among those who did not participate, 16% were no longer eligible (due to death, morbidity, or moving out of the area), whereas another 42% declined to participate (for no stated reason, or due to concerns about health and demands of the study). The newly recruited sample was not significantly different from the original sample with regard to chronic conditions, health symptoms, income, or marital status, but was significantly younger, had more education, and higher scores on one of the coping measures (positive reinterpretation and growth) compared to the original sample. No comparisons on positive affect were available as those scales were added to the study in wave 5. Two years later parallel measures were obtained on 115 of these women. Attrition analyses showed no significant differences on any variable of interest (HbA 1c , coping measures, or positive and negative affect) between women who participated in both waves of biomarker collection and those who dropped out. Of the 115 women who provided data in both waves of data collection, 97 met the inclusion criteria of having no history of diet or pharmacologically controlled diabetes and HbA 1c levels Ͻ 7.0%. Women in the current study ranged in age from 61 to 91 (M ϭ 73.86 years) when first participated in comprehensive psychosocial and biological assessments. Data collection for waves 5 and 6 was completed between 2000 and 2002. Table 1 shows the descriptive characteristics of the study sample.
Measures
All psychosocial and biological measures were collected at baseline and 2-year follow-up. Self-administered questionnaires were sent to respondents 3-4 weeks prior to their visit to the University of Wisconsin-Madison campus for the biomarker assessments. These were completed independently and returned to investigators at the time of their campus visit. Demographic data such as marital status, income, education, and age were also obtained.
Psychosocial. The Coping Styles Inventory (Carver, Scheier, & Weintraub, 1989 ) is a multidimensional coping inventory that gathers information about a respondent's preferred styles of coping with life stressors. The instrument incorporates three categories of 13 conceptually distinct scales. Five scales measure problemfocused coping (active coping, planning, suppression of competing activities, restraint coping, and seeking social support for instrumental reasons); eight scales measure aspects of emotion-focused coping (seeking social support for emotional reasons, positive reinterpretation, denial, acceptance, turning to religion, venting of emotions, behavioral disengagement, mental disengagement) (see also Kling, Seltzer, & Ryff, 1997 for analyses of both types of coping with the same sample). Each item was rated on a 4-point scale ranging from 1 ("I usually don't do this at all") to 4 ("I usually do this a lot"). Each scale contained four items. Summed scores were calculated across the above items, with higher values indicating greater use of coping strategy. The COPE inventory can be used as a measure of dispositional coping or as a situational measure of coping with a specific stressor; the dispositional measure is used here. Mental disengagement was deleted from subsequent analyses because of an unsatisfactory value of Cronbach's alpha.
To assess the effect of positive affect independently from negative affect, the short-form Mood and Anxiety Symptom Questionnaire (MASQ) was also included (Watson, Assenheimer, Clark, Strauss, & McCormich, 1995) . The MASQ-Short Form uses five scales to measure a respondent's mood and gather information about problems and experiences the respondent may have encountered over the past week. The high positive affect subscale includes 14 items that capture more hedonic, joy-in-living aspects of positive affect and asked respondents how much they had felt various positive emotions (e.g. happy, cheerful, optimistic, having fun) in the past week. The other four subscales, general distressdepressive symptoms (12 items), general distress-anxious symptoms (11 items), loss of interest (8 items), and anxious arousal (17 items) were used to tap symptoms indicative of negative affectivity. Respondents were asked to indicate the extent to which each statement described their feelings over the past week. Response options ranged from 1 (not at all) to 5 (extremely). 
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Descriptives such as means, minimum and maximum values, percent of women with minimum and maximum scores, and Cronbach's alpha reliabilities for both scales and all subscales are listed in Table 2 . With regard to extreme values, the data offer no evidence of major floor or ceiling effects. Also, since there was only one missing value in items relating to the scale construction of seven of the COPE subscales, a mean value of the remaining items was imputed in calculating the sum score. Mean substitution was used in cases with only one missing value in the MASQ inventory as well. Overall, there was one missing scale score in two of the MASQ subscales (anxious arousal and high positive affect) and none of the COPE subscales.
Health behavior and physical measures. After completing the self-administered questionnaires, participants were admitted to the General Clinical Research Center (GCRC) located within the University of Wisconsin Hospital and Clinics for an overnight stay. A nurse or physician took the respondent's medical history and conducted a physical health examination. GCRC nursing staff obtained blood samples. Use of prescription and over-the-counter medications was recorded during the GCRC visit as well.
Biological data collection. Fasting blood samples for assays of HbA 1c were obtained prior to 7:00 a.m. during the respondents' overnight stay at the GCRC by the nursing staff. HbA 1c change between the two data collections ranged from Ϫ2.90 to .50. The correlation between the two occasions was r ϭ .534, p Ͻ .001. Assays were carried out using a high performance liquid chromatography, a boronate affinity HbA 1c method that is not subject to analytical interference by hemoglobin variants (Klenk, Hermanson, Krohn, Fujimoto, Mallia, Smith, et al., 1982) . The coefficient of variation (CV) for this method is 3.4% for people without diabetes. All assays were conducted at the University of Wisconsin Hospital and Clinics Clinical Laboratory.
Statistical Method
Data analysis was conducted in three steps. First, frequency distributions for all continuous measures were examined and normalized as needed. Second, a review of the literature showed that an array of different factors have been associated with changes in HbA 1c levels. Specific items related to overall health or conditions with which HbA 1c has been linked were selected for preliminary correlational analyses. These included smoking and drinking history, family history of diabetes, medications (blood pressure, depression, beta blockers, cholesterol, corticosteroid), age, income, education, marital status (coded as married vs. all others), number of chronic conditions, and waist-to-hip ratio (WHR). Only the ones that showed a significant correlation ( p Ͻ .05) with HbA 1c were kept in the regression model as covariates. This final set of covariates consisted of age, marital status (coded as married vs. all others), income, WHR, cholesterol medications, and number of chronic conditions. 1 Next, multiple regression analyses were conducted, in which the set of covariates was included at the first step of the multivariate model. Baseline measure of HbA 1c was then added at the second step of the model. After including covariates and baseline HbA 1c levels, two types of models were created. First, main effects models consisted of separate regression models run for each psychosocial factors (coping measure or positive affect controlling for negative affectivity). Second, interaction models included a measure of coping and positive affect at step 4, as well as their interaction term at step 5. All continuous independent variables were mean-centered.
Finally, reverse causality analyses were conducted to assess evidence for whether HbA 1c also predicted changes in coping or positive affect over time. The final set of covariates described above was entered at step 1, followed by baseline level of a single COPE measure or positive affect, and HbA 1c was entered at step 3. In order to compare whether hypothesized results or reverse causality analyses yielded more significant findings, a prespecified boundary value of .10 was selected.
Missing values. There was one missing value in the baseline HbA 1c measurement. There were no missing data on any of the control variables. Pairwise deletion was used and only cases that 1 Since the use of univariable screening of control variables for inclusion in the regression models may result in lack of stability in small samples (Harrell, 2001 ), we did a principal components analysis (PCA) with the original set of 12 possible covariates and another PCA using only the final set of 6 covariates included in the manuscript. The PCA of all possible covariates produced 6 factors (across various rotational schemes), and as such, offered no gain over the number of covariates we already had in the model (i.e., six). However, the PCA of final covariates did provide a reduction from six variables to two factors. Therefore, we extracted factor scores for each individual and reran the regression models, using these scores (instead of the six prior covariates). Results were consistent with our previous findings: i.e., no differences were evident in significance levels and only slight differences existed in the regression coefficients in main effect models, interaction models, and their subsequent simple slope analyses. Thus, we found no evidence of instability in the findings and kept the original covariates because the information about them is more easily interpretable than using the two extracted components. 
Results
Main Effect Models
Including all control variables and a baseline measure of HbA 1c , the first hypothesis tested whether baseline measures of coping and positive affect predicted cross-time changes in HbA 1c levels. Table  3 shows the results of hierarchical regression analyses of coping measures predicting follow-up HbA 1c . All coping measures that comprise the problem-focused coping core were significant predictors, or showed nearly significant trends ( p Ͻ .07), with the direction of results as hypothesized: as coping scores increased, HbA 1c levels decreased. Specifically, active coping was a significant predictor of follow- 
Interaction Models
Additionally, we investigated whether positive affect moderated the relationship between the significant measures of problemfocused coping and HbA 1c (Table 4) . Three significant interactions were obtained: positive affect moderated the relationship between HbA 1c and active coping, instrumental social support, and suppressing competing activities. These were graphed according to the procedures described by Aiken and West (1991) , followed by tests of whether the slope of the simple regression line was significantly different from zero at 1 SD above and below the mean of positive affect. Results showed a consistent pattern: for low positive affect, the simple slope was significantly different from zero for all three coping strategies: active coping, (B ϭ Ϫ.039, SE ϭ .016, p Ͻ .01), instrumental social support, (B ϭ Ϫ.055, SE ϭ .017, p Ͻ .01), and suppressing competing activities, (B ϭ Ϫ.067, SE ϭ .021, p Ͻ .01), underscoring interplay of low positive affect with problemfocused coping. This pattern is illustrated in Figure 1 , which shows that among those with coping vulnerability (i.e., low problemfocused coping), low positive affect amplified the detrimental effect (i.e., contributing to ever higher levels of HbA 1c ). However, among those with coping strengths (i.e., high problem-focused coping), low positive affect did not have this adverse effect. The simple slopes for high positive affect were not significantly different from zero.
Reverse Causality Models
When the reverse models were tested, only one significant finding was obtained: HbA 1c was a significant predictor of instru- 
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mental social support over time (R 2 ϭ .424, ␤ ϭ .203, p Ͻ .05). There were no effects that approached significance (e.g., .05 Ͻ p Ͻ .10). Compared to the six effects supporting the alternative causal scenario, these analyses strengthened the claim that psychosocial factors predict cross-time changes in HbA 1c , but rarely is the reverse story also true.
Discussion
The present investigation is one of few studies to document changes in HbA 1c by employing a longitudinal framework. It was predicted that coping and positive affect would predict cross-time levels of HbA 1c, after adjusting for covariates and baseline level of HbA 1c. Results supported the predicted hypotheses: positive affect and three problem-focused coping measures (active, instrumental social support, and suppressing competing activities) predicted lower levels of HbA 1c over time. Thus, the findings provide the strongest evidence to date that certain problem-focused coping strategies and positive affect may contribute to better glycemic control in older women without diabetes over time, perhaps by conferring psychosocial resources that diminish the adverse consequences of stress. We would also underscore that per recommendations of Pressman and Cohen (2005) as well as Steptoe and Wardle (2005) , all of our analyses for positive affect partialed out the effects of negative affect. That is, all analyses using positive affect as a predictor also tested whether the four negative affect subscales of the MASQ changed the observed relationships. Our finding that positive affect was an independent predictor of lower biological risk provides support for the independence view of positive affect and negative affect.
Consistent with prior research, all coping strategies (with the exception of venting) that were significant predictors of HbA 1c levels (or showed trends towards significance) were a part of the problem-focused core of the inventory, suggesting that women who adopted an active problem-solving approach showed greater health benefits, as measured by their lower levels of HbA 1c .
Alternatively, none of the emotion-focused coping measures showed the negative effects on glycemic control that have been documented in people with diabetes. The lack of relationship in the current study may reflect particular associations between emotionfocused coping and aspects of disease management that are specific to diabetes, such as engagement in unhealthy behaviors and less active approach to diet and exercise. Interestingly, however, we did find that venting was a significant predictor of HbA 1c , but the direction of its effect was contrary to prior work, where it has generally been considered less useful and has been related to negative health outcomes (Blaney, Goodkin, Feaster, Morgan, Millon, Szapocznik, et al., 1997; Burker, Evon, Losielle, Finkel, & Mill, 2005) . While it is difficult to know what accounts for the positive effect of venting on lower cross-time HbA 1c , Carver et al. (1989) have emphasized that venting is not necessarily maladaptive, but could become dysfunctional if it is used when more beneficial strategies are ignored. We also found that venting was positively correlated with seeking of emotional support, suggesting that venting may help mobilize social support. This linkage points to the need for more careful examination of situations in which certain types of emotion-focused coping are linked to positive outcomes via their interplay with aspects of problem-focused coping.
The interactions helped illuminate individual differences in how positive affect and coping strategies come together in influencing Note. PA ϭ positive affect; SCA ϭ suppressing competing activities; ISS ϭ instrumental social support; WHR ϭ waist-to-hip ratio. a The coefficients for the covariates in Models 2 and 3 are not presented because they vary for each of the coping strategies and positive affect (models a through c). However, none of them is statistically significant, with the exception of HbA 1c which is highly significant (p Ͻ .001) in every model.
HbA 1c levels. The moderating effects for three aspects of coping (active, instrumental social support, and suppressing competing activities) suggested that the adverse effect of having low problemfocused coping in these areas was amplified (i.e., linked with ever higher levels of HbA lc ) among those who also had low positive affect. However, low positive affect did not have such a detrimental effect if one showed high problem-focused coping. These findings underscore the added vulnerability that comes from the lack of problem-focused coping strategies in the face of low positive affect. As such, the results draw attention to something not previously emphasized in the growing emphasis on positive affect (Pressman & Cohen, 2005) as well as its links to coping (Billings, et al., 2000; Folkman, 1997) namely, that the absence of positive affect may be a vulnerability factor.
The reverse causality models that tested for predicted changes in coping strategies and positive affect from baseline measures of HbA 1c supported the predicted directionality of results. With the exception of one finding in which instrumental support over time was predicted by higher baseline levels of HbA 1c , there was limited evidence that the causal arrows are reciprocal in nature. Although this finding needs replication, it offers preliminary evidence that the causal directionality runs more strongly from psychosocial factors to change in glycemic control (through as yet unspecified mechanistic processes) than the reverse.
With regard to future research, the present findings call for greater inquiry on the intervening biological mechanisms that link psychosocial factors to health outcomes. Researchers have explored psychoneuroendocrinological pathways that might help explain how stress influences glucose levels. For example, Black and Garbutt (2002) suggest that stress activates the hypothalamicpituitary-adrenal (HPA) axis and stimulates the release of stress hormones, such as corticosteroids, catecholamines, glucagon, and growth hormone. Chronic activation of the HPA axis may result in insulin resistance, which could lead to hyperglycemia. Other research has specifically investigated how chronic stress associated with diabetes may impact glycemic control. For example, Kelly, Hertzman, and Daniels (1997) found that the chronic stress in people with diabetes had an effect on health through an epinephrine-driven increase in blood glucose levels. Glycosylated proteins were formed as a result of the increased blood glucose levels, and excessive glycosylation could have negative effects such as inactivation of enzymes, inhibition of the binding of regulatory molecules, inappropriate cross-linking of proteins, and slowed removal of abnormal proteins (Kelly et al., 1997; Masoro, Katz, & McMahan, 1989) . Such findings point to needed future investigations that would incorporate assessments of additional biomarkers into the analyses between psychosocial factors and HbA 1c .
Our study has important limitations. Research has documented consistent ethnic differences in diabetes, such as higher incidence and prevalence rates among ethnic minorities (Lanting, Joung, Mackenbach, Lamberts, & Bootsma, 2005) . Since our sample was predominantly Caucasian, we cannot speak to the relevance of the findings for such groups. Using larger, more diverse samples to investigate whether these associations also hold for other ethnic and socioeconomic groups is an important next step in documenting the scope of protective influences. The sample also did not include men, or younger-aged adults. Additionally, including more measurements of HbA 1c levels would be advantageous for tracking dynamic change over time. Finally, the initial sample included only older women who were planning community relocation and may not be representative of all aging women. Nonetheless, with regards to significance of the findings, we underscore that diabetes is one of the most prevalent and costly 
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chronic diseases in the elderly: it is estimated that 20.8 million people suffer from diabetes in the United States, and $132 billion in total costs were attributed to diabetes in 2002 (Centers for Disease Control and Prevention, 2005) . Many patients with diabetes develop severe complications, including amputations, blindness, kidney failure, and cardiovascular disease (van Tilburg et al., 2001) . Harris, Flegal, Cowie, Eberhardt, Goldstein, Little, et al. (1998) warned that diabetes would continue to be a major health problem in the United States, as predicted by the increasing frequency of obesity and sedentary lifestyles in the population. Steinbrook (2006) , in fact described the "diabetes epidemic" and the related need for increased attention to HbA 1c , as a primary indicator of long-term glycemic utilization. Furthermore, HbA 1c is an independent predictor of cardiovascular events, regardless of diabetes status, and it could join the list of other established indicators of cardiovascular risk (Gerstein, 2004) .
Relevant to the present investigation, Merikangas and Risch (2003) suggested that while Type 2 diabetes may have genetic etiology, it is also highly amenable to environmental influences, and resources should focus on studying influences on healthrelated behaviors and examining factors that could prevent the development of Type 2 diabetes and other malleable diseases. Our study follows these recommendations and documents psychosocial factors that could potentially modify risk for developing diabetes and cardiovascular conditions in older people.
